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(57) ABSTRACT 

A method of sealing body parts such as an edge fold of a 
motor vehicle component, for example a door, a rear or front 
?ap or a sliding roof panel, includes a tWo-step pre-cross 
linking of the sealing composition in the rough body part. In 
a ?rst step the surface of a UV-active sealing composition is 
pre-cross-linked by UV irradiation, and in a second step 
immediately following, the edge fold adhesive and the 
sealing composition are hardened by thermal action. The 
edge-sealed body parts produced by the method are trans 
portable and are of visually and functionally satisfactory 
quality after passing through cleaning baths and after ther 
mal hardening in a KTL kiln. Since the sealing is carried out 
in the rough body part rather than during the coating process, 
the method provides a substantial potential cost saving. 

18 Claims, 1 Drawing Sheet 
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METHOD OF EDGE FOLD SEALING 

BACKGROUND OF THE INVENTION 

This invention relates to methods of edge fold sealing at 
the edges of body parts. 

For edge fold sealing in motor vehicle construction, a 
hardenable material is commonly laid over the outWardly 
open part of the fold, usually in the form of a bead. The 
hardenable material is gelled in a ?rst hardening operation, 
for example by inductive heating of the sheet metal in the 
region of the hardenable composition, and is then com 
pletely cured in a folloWing hardening operation, Which may 
take place, for eXample, in a KTL, i.e., “cathodic dip 
coating”) kiln. As the hardenable composition, polyvinyl 
chloride (PVC) is often employed. 

This method presents problems When the hardenable 
material encloses pockets of air or absorbs liquids or gases 
before ?nal hardening that Will expand during subsequent 
kiln hardening and form outWardly visible blisters. These 
blisters in the ?rst place impair the visual appearance of the 
sealed edge and in the second place form Weak spots 
permitting corrosive attack in the seal. 

In an alternative conventional ?nishing step in the pro 
duction of vehicle parts, for eXample doors, hatch and hood 
?aps, sliding roof panels and the like, tWo sheet metal parts 
are connected by folding the edge of an outer part over the 
edge of an inner part. Thus, in building the un?nished rough 
body part, an adhesive is ?rst applied to the oiled metal 
sheet, generally consisting of steel, hot-galvaniZed or elec 
trically galvaniZed steel or aluminum, along the edge of the 
outer part, generally by “sWirl” processes in a layer having 
a thickness of about 0.2 mm and, after insertion of the inner 
part, the outer edge of the outer part is rolled over the 
periphery of the inner part. Only then is the corrosion 
sensitive edge of the outer part sealed by coating, usually by 
hand, With a sealant such as PVC plastisols for eXample. For 
reasons of production technology, quality and economy, it 
Would be desirable to eliminate such edge fold sealing from 
the coating process and relegate it to construction of the 
rough body part, ie to employ the ?rst method described 
above. In other Words, there should be no material applica 
tions in the coating process that might impair the coating 
surface in any Way. Hitherto, this objective has not been 
satisfactorily achieved, since as yet no dependable and 
economical procedure is available for the purpose. 

German Offenlegungsschift No. 33 14 896 describes an 
adhesive for edge fold sealing that is pre-cross-linked by 
ultraviolet (UV) irradiation and is later ?nish-hardened in 
the kiln after passing through the cleaning baths at tempera 
tures of around 180° C. together With the KTL priming. 
Apart from the relative simplicity of UV irradiation, it also 
has the disadvantage that the resulting hardening, and hence 
the cross-linking as Well, takes place only from the outside 
in. For layer thicknesses greater than 0.3 mm, adequate 
pre-cross-linking can not be assured even With increased 
irradiation time, and the underlying layers remain un-cross 
linked in a pasty condition. This pasty layer, beneath the 
pre-cross-linked surface has signi?cant negative effects on 
the visual appearance of the seal. First, since the parts are at 
times transported manually, one consequence is that the 
adhesive, While not tacky, is not solid, resulting in ?nger 
prints Which may constitute a visual draWback. Second, 
there is danger that this uncross-linked material may be 
forced out of the seal upon thermal hardening in the KTL 
kiln as a result of eXpansion of the air enclosed betWeen the 
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2 
edge fold bond and the seal. Third, upon subsequent cooling, 
the pasty seal material may be draWn back in the edge fold. 
Fourth, adhesives tend, especially in un-cross-linked 
condition, to absorb moisture, leading to formation of blis 
ters upon thermal eXposure in the KTL kiln. 
The conditions described above are signi?cant in the 

sense that it is desirable for reasons of economy to produce 
the parts in a ?nished form, that is, including the seal, at a 
central station and ship them from the central station to 
production lines Which may be located in different parts of 
the World Where they go directly into the cleaning bath 
Which is the ?rst step in the coating process. This procedure 
involves a substantial potential saving since the rough body 
parts and the sealing steps, Which are in any event unWel 
come in the coating process, can be avoided on the produc 
tion line. Moreover, any neW sealing process should be 
capable of integration in eXisting ?nishing operations on the 
rough body parts satisfactorily and Without major ?nancial 
outlay. In this respect, the requirement for an additional kiln 
Would be absolutely unacceptable. 

SUMMARY OF THE INVENTION 

Accordingly, it is an object of the present invention to 
provide a method of edge fold sealing Which overcomes 
disadvantages of the prior art. 

Another object of the invention is to provide a method of 
edge fold sealing in Which blister formation due to enclosed 
gases or liquids is suppressed in the subsequent kiln 
treatment, and/or good “handling” of the sealed parts is 
assured throughout process. 

These and other objects of the invention are attained by 
providing a method of edge fold sealing Which includes 
pre-hardening of a seal in a plurality of steps Which may 
include ultraviolet radiation hardening and/or thermal hard 
ening by infrared radiation, inductive heating and hot air 
impingement and/or reactive hardening Without any eXternal 
application of energy. 

In accordance With the invention, a special process for the 
production of vehicle components, and particularly a neW 
method of edge fold sealing, is provided in Which fabrication 
is greatly simpli?ed and quality enhanced. 

Thus, by the method of the present invention, the disad 
vantages of the prior art are overcome, and edge fold sealing 
is carried out that satis?es all requirements for secure 
production of attachments and, in particular, for WorldWide 
transport of “rough” or oiled parts, otherWise knoWn as 
“parts tourism.” In such cases, it is important for the visual 
quality of the edge fold seal to remain perfect even after 
prolonged transport of the parts through various climate 
Zones and to ensure a smooth surface Without pits, cracks, 
etc. Furthermore, the method may be applied to the rough 
body parts Without any major ?Xed investment, and sub 
stantial manufacturing advantages can be gained by the neW 
method. 

According to a preferred embodiment of the invention, 
hardening of the seal takes place by a photochemical 
reaction, induced by light, in particular UV light, combined 
With a multi-step hardening procedure. Depending on the 
kind of seal, the UV light has a depth of penetration from 
about 0.01 to 1 mm, so that a surface hardening of the seal 
is achieved but deeper penetration of the UV radiation is also 
possible. The seal surface thus hardened protects against the 
entry of gases or liquids into the seal so that, upon later 
thermal hardening, no blisters Will be raised. In addition, 
With such a surface hardening, emergence of any gases 
already contained in the seal is suppressed or prevented 
during thermal hardening. 
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Advantageously, the photochemical hardening is accom 
plished in such manner that, upon subsequent thermal 
hardening, the region of the composition that has already 
been photochemically hardened Will be further hardened by 
the thermal hardening, i.e. so that functional groups Which 
are already present for the photochemical as Well as the 
thermal hardening Will also be thermally cross-linked to 
enhance the hardening. In this Way, an especially stable 
surface of the sealing composition is created. 

For all embodiments of the method, a sealing procedure 
may be employed in Which hardening is an exothermal 
process, so that once initiated, the hardening process con 
tinues at least in part, and correspondingly a more complete 
hardening is achieved. For this purpose, the sealing may 
combine reactive sealing components so as to be capable of 
initiating the hardening process Without application of exter 
nal energy. 

In a further embodiment according to the invention, at 
least tWo unlike hardening processes are carried out prior to 
coating of the sealed body part. Preferably one of the 
hardening processes effects hardening of the outer surface of 
the seal and the other hardening process hardens the region 
of contact of the seal With the body part. In this Way the 
method assures that the seal Will absorb no liquid during the 
coating process, in particular liquid from a liquid cleaning 
preceding coating such as an aqueous solution and/or an 
aqueous immersion coating that Would lead to blister for 
mation upon subsequent thermal hardening, for example, in 
a KTL kiln. 

In another embodiment, the thermal hardening, at least in 
a ?rst stage, is kiln-free or accomplished by only partial 
heating of the body parts that are provided With the seal. In 
this Way, a favorable overall procedure is achieved in that a 
hardening suf?cient to prevent subsequent blister formation 
is integrated in the process as a Whole Without major outlay. 

In still another embodiment of the invention, the process 
is carried out so that the tWo unlike hardening processes are 
conducted in succession at a time interval of less than 2 
hours. In this Way, a suf?cient hardening of the seal is 
achieved Without permitting it to absorb any signi?cant 
quantity of gases or liquids that might lead to the problems 
outlined above. A time interval of less than 1 hour, prefer 
ably less than 20 minutes, desirably less than 5 minutes, is 
advantageous. That is, the tWo hardening processes prefer 
ably take place simultaneously or in immediate succession, 
Without any additional interposed steps. 

According to the invention, the alternative embodiments 
may advantageously be combined With each other. 

The method of the invention is based on at least tWo-step 
cross-linking of the edge fold seal. Thus in a ?rst step, a 
UV-active sealing composition is hardened by UV irradia 
tion and, in a second directly folloWing step, advantageously 
both the edge fold adhesive and the seal are cross-linked 
from the inside by thermal heating. 

The hardening from the outside by UV irradiation par 
tially cross-links the edge fold seal, effecting ?rstly a grasp 
ability or solidity of the seal surface important for manual 
handling, secondly a Wash-out resistance to the liquids 
circulating against it at up to 70° C. under high pressure in 
the cleaning baths for degreasing the oiled bodyWork, 
phosphating, and passing through the cathodic dip coating 
bath (KTL), and thirdly, due to the further cross-linking in 
a second hardening process, assures seal quality for a long 
exposure time, partly under hot-moist climatic conditions 
for more than 3 Weeks. Exposure time speci?es the time 
Within Which the adhesive performs the speci?ed function 
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4 
and suffers no quality draWbacks after complete hardening 
in the KTL kiln, Which takes place at temperatures around 
180° Within about 25 minutes. In a less than 100% cross 
linked condition, the adhesive generally tends to absorb 
Water, leading to blister formation upon heat hardening and 
possibly adversely affecting both appearance and strength. 

For the hardening process producing adhesive cross 
linking under UV radiation, activated double bonds, as for 
example compounds containing acrylate groups, the radical 
polymer reaction is triggered by Way of a photoinitiator 
Which is a radical former initiated by UV rays. Depending on 
the particular photoinitiator, the optimal Wavelength is in the 
range from 200 to 400 mm. To achieve a satisfactory result 
in terms of solidity, etc., an irradiation time of less than 30 
seconds, preferably less than 5 seconds, at an intensity of 
preferably 0.001 to 50 Watts/cm2, is suitable. This makes 
possible a procedure in Which, for example, the UV irradia 
tion can be carried out by robots directly after application of 
the seal and in the same operation. The UV lamp is advan 
tageously located directly folloWing the noZZle applying the 
sealing material. 
The thermal hardening from Within partially cross-links 

the edge fold bond and the seal and effects a positional 
stability, precluding relative displacement of the tWo sheet 
metal parts, i.e. inner part and the outer part. As sources of 
thermal energy, induction heating, infrared (IR) irradiation, 
hot air blasts, etc. are useful. In the case of IR irradiation, 
although the costly ?xed investment for an induction plant 
may be avoided, it is not as effective as inductive heating. 
As a result of the invention it Was found that a tWo-stage 

hardening process is adequate to assure suf?cient positional 
stability of the parts being attached even Without complete 
hardening since the outer seal part hardened With UV 
radiation also contributes to structural strength. If desired, 
the IR lamps may be positioned on the robot to irradiate the 
seal directly after UV irradiation. For satisfactory quality of 
the sealing surface, it is preferable that the UV irradiation 
takes place prior to the thermal exposure. This assures that 
any air contained betWeen the edge fold bond and the seal 
Will be kept inside during thermal heating. 

Furthermore, in another preferred embodiment, the reac 
tion induced by UV irradiation is accelerated by heating the 
sealing composition, for example, to temperatures around 
60° C. This may be done by heating the sealing composition 
itself before or as it is applied and/or heating the edge fold 
shortly before applying the sealing composition, for 
example, by a hot air blast and/or inductive heating, in order 
thereby to pre-heat the applied sealing composition. 

Preferably, heating by IR and/or a hot air blast is 
employed. This de?nitely reduces or eliminates the danger 
of Warping of parts since the parts are less severely stressed 
thermally than is the case in inductive heating for example. 

Visual imperfections resulting from air inclusion in the 
edging betWeen bonding and sealing are greatly reduced 
since the adhesive With tWofold pre-hardening builds up 
suf?ciently high strength in a short time and thus prevents 
both air inclusions upon heating in the KTL kiln as Well as 
WithdraWal of adhesive material into the edging upon cool 
mg. 

Since the sealing can be done more economically and 
With savings of material by the use of robots during rough 
fabrication rather than in a coating shop by hand as is 
conventional, resources such as time and space in the 
coating shop can be saved. 
The method according to the invention provides advan 

tages in properties such as good handling and positional 
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stability as Well as good exposure time, thus meeting all 
requirements for secure transport both internally and 
externally, and it overcomes the disadvantages of the prior 
art methods in Which quality is impaired by blister forma 
tion. The advantages according to the invention permit 
fabrication of parts having edge seals, as for example doors, 
front and rear ?aps, sliding roof panels, etc., at a central 
location and shipment of the parts to outside production 
lines. This “parts tourism” is otherWise knoWn as CKD 
(“completely knocked doWn”) and is economical because 
?xed investment for the production of rough bodywork can 
be reduced. 

For optimal processing the edge fold adhesive should be 
applicable in thin layers and exhibit good oil Wetting. After 
heat hardening in the KTL kiln, the adhesive should provide 
a good, aging resistant adhesion to the metal substrate, a 
strength of more than 15 Mps and an ultimate elongation of 
at least 5%. 

For the seal, the same adhesive used in the edge fold may 
be employed, in Which case it Will contain hardenable 
components that, in the most preferred embodiments, may 
be hardened either by UV irradiation or thermally. In that 
case the ultimate elongation should be at least 15%, pref 
erably 30%, to avoid any risk of cracking under the thermal 
stresses. 

The adhesives described above are generally formulated 
on the basis of epoxide technology, rubber technology or 
acrylate technology. etc., and also in combination With 
suitable polyurethane components or organic polymer ?ll 
ers. Some examples are given in German Offenlegungss 
chrift No 33 14 896, to Which reference is made also With 
respect to the conditions of reaction. The seal is preferably 
applied in a thickness of 150—4000 microns, desirably in the 
range of 350—1000 microns. Preferably the seal is applied in 
the form of a bead, the application of the bead being carried 
out for example as a “sWirl.” 

A light-induced hardening, in particular by irradiation 
With UV light, may advantageously take place immediately 
after application of the seal, preferably not later than a feW 
minutes after application. The UV irradiation may take place 
at the same time as, previous to, or after a further hardening, 
in particular an IR, hot air stream or induction hardening, in 
Which the sheet metal areas to be sealed and/or immediately 
adjacent areas may be heated. 

Depending on the particular sealant employed, care 
should be taken, especially in case of insuf?cient exothermal 
hardening, to avoid a hardening Which may possibly fail if 
the hardening process is not carried out With suf?cient 
intensity. To assure success of the hardening process, it is 
accordingly necessary to Work With a sufficient intensity of 
the hardening parameters (UV light, heat, etc.) to assume 
adequate hardening. 

Advantageously, the sealing is carried out With a material 
for Which the minimum hardening temperature is adjusted to 
not over 140° C., for example, so that an induction harden 
ing is possible. The epoxide resins commonly employed, 
Which require a hardening temperature of about 150° C. up 
to 170° C., are therefore less suitable. HoWever, such 
epoxides may be employed in the interior of the fold, since 
the ?nal hardening in the KTL kiln does not present that 
problem. 

BRIEF DESCRIPTION OF THE DRAWINGS 

Further objects and advantages of the invention Will be 
apparent from a reading of the folloWing description in 
conjunction With the accompanying draWings, in Which: 
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FIG. 1 is a sectional vieW shoWing a representation 

embodiment of a door fold With applied seal according to the 
invention; and 

FIG. 2 is a similar vieW shoWing a section of a door fold 
With a possible sealing problem. 

DESCRIPTION OF PREFERRED 
EMBODIMENTS 

In the typical embodiment of the invention shoWn in FIG. 
1, an edge fold 1 includes an outer door sheet 3 folded over 
an inner door sheet 2 and connected With an edge fold 
adhesive 4 in the neighborhood of the fold. 1. The edge fold 
adhesive 4 is applied before folding and is so proportioned 
in quantity that it ?lls the entire fold area at a distance from 
the edge of the inner door sheet 2 to the bend of fold. Over 
the outer fold area, a seal 5 is applied, Which has a prehard 
ened outer portion 6 cross-linked by UV radiation from the 
outside and hardened in interior regions 8 of the fold area 1 
by inductive heating from beloW to such an extent that it 
becomes solid, resistant to in?ating gases, and sealed to 
penetration of gases or liquids from the outside. 

FIG. 2 shoWs the same fold 1 illustrated in FIG. 1, but 
With a displacement “b” of the edge of the inner door sheet 
2 relative to the fold in the outer door sheet 3 rather than the 
smaller displacement “a” shoWn in FIG. 1, so that the 
quantity of edge fold adhesive 4 introduced does not com 
pletely ?ll the fold. As a result, during overlap With the seal 
5, an air bubble 7 may be included, Which may expand in the 
course of the hardening process conventionally carried on in 
the KTL kiln and therefore in?ate the seal 5. In the process 
according to the invention, hoWever, the seal 5 is doubly 
prehardened, by the tWo-step process including UV harden 
ing and thermal hardening so that, upon subsequent ?nal 
hardening in the KTL kiln, the enclosed air bubble 7 is not 
able to break through. 
Although the invention has been described herein With 

reference to speci?c embodiments, many modi?cations and 
variations therein Will readily occur to those skilled in the 
art. Accordingly, all such variations and modi?cations are 
included Within the intended scope of the invention. 
We claim: 
1. Amethod of sealing an edge fold at an edge fold portion 

of a body part comprising applying an adhesive sealing 
composition to an edge fold portion of a body part, forming 
an edge fold in the edge fold portion, applying a radiation 
hardenable sealing composition to the edge fold, and hard 
ening the sealing compositions by at least tWo unlike hard 
ening processes, one of the hardening processes being a 
photochemical radiation-hardening process for hardening 
the radiation-hardenable sealing composition and another 
hardening process being a thermal hardening process carried 
out in a plurality of separate heating steps, at least one step 
being carried out after the edge fold is formed. 

2. A method according to claim 1 Wherein at least one of 
the photochemical hardening process and a ?rst step of the 
thermal hardening process are carried out in the absence of 
any prior coating or Wetting of the body part. 

3. Amethod according to claim 2 Wherein the at least tWo 
hardening processes are carried out in the absence of any 
prior varnish coating of the body part. 

4. Amethod of sealing an edge fold at an edge fold portion 
of a body part comprising applying an adhesive sealing 
composition to an edge fold portion of the body part, 
forming an edge fold in the edge fold portion, applying a 
radiation-hardening sealing composition to the edge fold, 
and hardening the sealing compositions by at least tWo 
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unlike hardening processes Which are carried out in the 
absence of any prior coating or Wetting of the body part 
including a thermal hardening process carried out in a 
plurality of separate heating steps, at least one radiation 
hardening process step being carried out after the edge is 
formed. 

5. A method according to claim 4, Wherein the radiation 
hardening process hardens the outer surface of a seal formed 
by the sealing composition and the other hardening process 
hardens at least one of a portion of the seal Which is in 
contact With the body part and an internal region of the seal. 

6. A method according to claim 1 or claim 4 including a 
?rst thermal hardening process Wherein kiln-free thermal 
hardening produces only partial hardening of the adhesive 
sealing composition on the body part and is carried out by 
at least one of inductive heating, IR radiation heating and hot 
air stream heating. 

7. Amethod of sealing an edge fold at an edge fold portion 
of a body part comprising applying an adhesive sealing 
composition to an edge fold portion of the body part, 
forming an edge fold in the edge fold portion, applying a 
radiation-hardenable sealing composition to the edge fold, 
and hardening the sealing compositions by at least tWo 
unlike hardening processes, one of the hardening processes 
being a photochemical process for hardening the radiation 
hardenable sealing composition and another hardening pro 
cess being a thermal hardening process carried out in a 
plurality of separate heating steps, at least one radiation 
hardening process step being carried out after the edge fold 
is formed, Wherein the thermal hardening process is accom 
plished by heating of the body part using at least one of 
inductive heating, IR radiation heating, and hot air stream 
heating. 

8. A method according to any one of claims 1,4, and 7 
Wherein the unlike hardening processes are performed 
Within a time interval of less than tWo hours. 

9. A method of sealing an edge fold of an edge fold 
portion of a body part comprising applying an adhesive 
sealing composition to an edge fold portion of the body part, 
forming an edge fold in the edge fold portion, applying a 
radiation-hardenable sealing composition to the edge fold, 
and hardening the sealing compositions by tWo unlike 
hardening processes performed Within a time interval of less 
than tWo hours, including a thermal hardening process 
carried out in a plurality of separate heating steps, at least 
one radiation hardening process step being carried out after 
the edge fold is formed. 

10 

15 

25 

35 

45 

8 
10. A method according to any one of claims 1,4, 7 and 

9 Wherein the unlike hardening processes are performed 
Within a time interval of less than one hour. 

11. A method according to claim 10 Wherein the unlike 
hardening processes are performed Within a time interval of 
less than tWenty minutes. 

12. A method according to claim 11 Wherein the unlike 
hardening processes are performed Within a time interval of 
less than ?ve minutes. 

13. A method according to any one of claims 1, 4, 7 and 
9 Wherein the hardening processes are selected from kiln 
hardening, inductive hardening, hardening by application of 
a hot air stream, photochemical hardening, and reactive 
hardening Without any external energy supply. 

14. A method according to any one of claims 1, 4, 7 and 
9 Wherein the unlike hardening processes are performed to 
produce at least one of the folloWing results: a surface 
hardness of the sealing composition for achieving suf?cient 
solidity to permit manual handling; a Wash-out resistance to 
circulating cleaning baths up to 70° C. for degreasing of 
oiled bodyWork parts for phosphating or for electronic dip 
coating; and resistance during eXposure to hot and moist 
conditions for more than three Weeks. 

15. A method according to any one of claims 1, 4, 7 and 
9 Wherein the radiation hardening process step is carried out 
until the seal has suf?cient strength in the region of contact 
With the body part to substantially prevent visual appearance 
de?ciencies due to inclusions of air betWeen the adhesive 
and the seal in the course of further processing. 

16. A method according to any one of claims 1, 4, 7 and 
9 Wherein the radiation-hardenable sealing composition is 
heated to accelerate hardening produced by UV irradiation 
in a thermally preheated edge fold. 

17. Amethod according to claim 16 Wherein the edge fold 
is preheated by applying a hot air stream shortly before 
application of the sealing composition. 

18. A method according to any one of claims 1, 4, 7 and 
9 Wherein an edge fold seal in a rough body part is 
prehardened both With a UV irradiation hardening step and 
thermally to produce edge fold bonding and Wherein the 
resulting body part is transported to another location and 
subjected to at least one cleaning bath and a varnish coating 
and then thermal hardening of the sealing material is com 
pleted in a kiln. 


